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Experiments Experiments with natural sampleswith natural samples

TemperatureTemperature, , PressurePressure

fugacity gradientsfugacity gradients:: ΔΔf (Hf (H22O)O)
ΔΔf (Df (D22O)O)
ΔΔf (COf (CO22))
ΔΔf (NaCl)f (NaCl)
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Starting Starting MaterialMaterial

Natural quartz Natural quartz (Alpeiner Scharte, (Alpeiner Scharte, AustriaAustria))
Natural fluid inclusionsNatural fluid inclusions

1. negative 1. negative crystal shapecrystal shape

HH22OO
COCO22

salt salt (dis.)(dis.)

3. 3. componentscomponents::

4. 4. phasesphases:: liqliq
vapvap

2. 2. variety variety of of sizessizes

10 µm
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Starting Starting MaterialMaterial

Microthermometry:Microthermometry:

expexp. RNI 002e. RNI 002e

Raman spectrometryRaman spectrometry::

CO2
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Volume fraction estimationsVolume fraction estimations::

Bakker & Diamond (2006)Bakker & Diamond (2006)
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Re-equilibration experimentsRe-equilibration experiments

600 600 ˚̊C, 40 C, 40 daysdays
before after

experiment experiment 11 HH22O at 309 MPaO at 309 MPa

experiment experiment 22 DD22O atO at  345 MPa345 MPa

experiment experiment 33 COCO22 at at  293 MPa293 MPa
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HH22O-COO-CO22-NaCl-NaCl  fluid systemfluid system

software packagesoftware package: CLATHRATES (Bakker, 1997): CLATHRATES (Bakker, 1997)
clathrate thermodynamics clathrate thermodynamics (Bakker et al., 1996)(Bakker et al., 1996)

originaloriginal re-equilibrationre-equilibration
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Reequilibration Reequilibration - - MicrothermometryMicrothermometry
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ΔΔp = 0p = 0
ΔΔf (Hf (H22O) = + 12 MPaO) = + 12 MPa
ΔΔf (COf (CO22) = - 59 MPa) = - 59 MPa

Re-equilibration experiment Re-equilibration experiment 11 HH22O at 309 MPaO at 309 MPa
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ΔΔp = 0p = 0
ΔΔf (f („„waterwater““) =) =  +19 MPa+19 MPa
ΔΔf (COf (CO22) = - 74 MPa) = - 74 MPa

ΔΔf (Hf (H22O) =O) =  -162 MPa-162 MPa
ΔΔf (Df (D22O) = + 181 MPaO) = + 181 MPa

Re-equilibration experiment Re-equilibration experiment 22 DD22O atO at  345 MPa345 MPa



DD22O-HO-H22O O concentrations concentrations - - Raman spectrometryRaman spectrometry
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DD22O-HO-H22O O concentrations concentrations in in natural inclusionsnatural inclusions
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ΔΔp = 0p = 0
ΔΔf (Hf (H22O) =O) =  -133 MPa-133 MPa
ΔΔf (COf (CO22) =) =  +668 MPa+668 MPa

Re-equilibration experiment Re-equilibration experiment 33 COCO22 at at  293 MPa293 MPa
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calcitecalcite

saltsalt

Re-equilibration experiment Re-equilibration experiment 33 COCO22 at at  293 MPa293 MPa

up to 28.5 up to 28.5 eqeq. . massmass% % NaClNaCl

softwaresoftware: : AqSoWHSAqSoWHS
(B(Bakker, 2012)akker, 2012)
Vol. 105, Vol. 105,  Mineral. & Petrol. Mineral. & Petrol.
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solubility calcitesolubility calcite

Pitzer equationsPitzer equations: : Harvie Harvie et al. (1984)et al. (1984)
experimental experimental datadata: : Jacobson Jacobson & & Langmuir Langmuir (1974)(1974)
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synthesissynthesis re-equilibrationre-equilibration

textural changes with textural changes with ΔΔp = 0p = 0

Re-equilibration experiment Re-equilibration experiment 33 COCO22 at at  293 MPa293 MPa



ConclusionsConclusions
Natural fluid inclusions can be re-equilibrated Natural fluid inclusions can be re-equilibrated in experimental in experimental studiesstudies, , similar similar toto
synthetic inclusionssynthetic inclusions

Thermodynamic modelling Thermodynamic modelling of of fluid properties can be used fluid properties can be used to to quantify the amountquantify the amount
of of re-equilibrationre-equilibration

Combining the results Combining the results of of the the 3 3 experiments experiments at at constant constant pp and 600  and 600 ˚̊CC::

HH22O and DO and D22O O diffusion according diffusion according to to applied fugacityapplied fugacity
gradientsgradients

DD22O O „„replacesreplaces““ H H22O in O in inclusionsinclusions

Apparent loss Apparent loss of COof CO22  ((against gradientsagainst gradients) ) is caused by theis caused by the
percipitation percipitation of of calcite calcite ((induced by induced by a a salinity increasesalinity increase))

HH22OO  (and CO(and CO22) ) are redistributed are redistributed in in the host crystal the host crystal in in newlynewly
grown small inclusions grown small inclusions ((against fugacity gradientsagainst fugacity gradients))

1. DIF1. DIF

2. RDF2. RDF


